INTRODUCTION
Accurate preoperative morphologic and functional diagnosis is of vital importance for surgical repair of congenital heart defects (CHD). Before the era of echocardiography, only cardiac catheterization and angiography made it possible to derive adequate information for cardiac repair. However, cardiac catheterization, especially in neonates and small infants, carries a risk. Recent technical advances in echocardiography provides the information needed for a safe cardiac surgery in many patients without invasive catheterization (1) (2) (3) (4) (5) (6) . Initially, this exclusively echocardiography-based diagnostic approach has been applied to simple cardiac defects (7) (8) (9) (10) and functional single ventricle defects requring palliative surgery (11, 12) ; in recent years, even complex lesions were proven to be adequately defined for surgical repair by non-invasive echocardiographic evaluation alone (13) (14) (15) (16) (17) (18) .
Accordingly, we intended to evaluate our institution's approach regarding non-invasive preoperative diagnostic workup based on echocardiography alone in patients undergoing cardiac surgery. The purpose of this study was to determine the accuracy of preoperative diagnosis by echocardiography alone, and to assess the safety of cardiac surgery using this diagnostic approach in children with CHD.
MATERIALS AND METHODS
We reviewed retrospectively the records of all pediatric patients who underwent either palliative or corrective cardiac surgery at our institution during a period of 3.5 yr ending in October 2001. Included were all children undergoing open heart surgery as well as patients with ductal closure, coarctation repair, and palliation with a Blalock-Taussig shunt. Excluded were patients >15 yr of age who underwent corrective repair of CHD, and patients undergoing banding of a pulmonary artery.
All patients had undergone comprehensive preoperative evaluation, including physical examination, 12-lead electrocardiogram, and two-dimensional echocardiography with spectral and color-flow Doppler. Echocardiograms were done by one of two cardiologists and repeated by the other for crosscheck when echocardiography alone was thought as sufficient to define the cardiac lesions for surgical treatment. Otherwise cardiac catheterization was performed for further detailed delineation of the cardiac lesions. The decision to perform a diagnostic catheterization was made by the attending cardiologist.
For the purpose of analysis, the patients were classified into two groups: those undergoing preoperative echocardiography
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alone (echo group) and those who had preoperative cardiac catheterization in addition to echocardiography (cath group). For the diagnostic classification, when there were two or more separate defects, they were classified according to the more significant and severe defect.
Diagnostic accuracy was assessed by comparing the preoperative diagnosis made by echocardiography and/or catheterization with the intraoperative findings obtained by surgical inspection.
Perioperative mortality was defined as death within the first 30 postoperative days or before hospital discharge.
Statistics
Comparisons between the groups were assessed by chisquare tests. A p value of <0.05 was considered significant. Data were analyzed with SPSS for Windows V10.0 (SPSS Inc., Chicago, IL, U.S.A.).
RESULTS
During the study period, a total of 111 pediatric patients underwent either palliative or corrective cardiac surgery at our institution. The patients ranged in age from 2 days to 15 yr (median, 4 months). Of the patients 37 (33%) were neonates and 41 (37%) were in their first year of life. Table  1 shows the distribution of cardiac defects in the study population, with the respective proportions of children who underwent preoperative echocardiography alone.
Of 111 patients, 84 (76%) had echocardiography as the only diagnostic modality and the remaining 27 had both echocardiography and catheterization. In the group of neonates and infants (<1 yr of age), the proportion of patients diagnosed by echocardiography appeared to be higher than in the group of older children (81% vs 64%, p=0.09). A high percentage of patients with patent ductus arteriosus (100%), partial atrioventricular canal (100%), coarctation of the aorta (89%), ventricular septal defect (86%), atrial septal defect (85%), and total anomalous pulmonary venous connection (75%) was referred for surgery without catheterization.
Diagnostic errors were identified at the time of surgery in 2 of the 84 echo group patients (2.4%) and in 2 of the 27 cath group patients (7.4%), with no significant difference between the groups (p=0.53). No error in either group was directly related to surgical morbidity or mortality. No instances arose in which catheterization corrected an echocardiographic error in patients with either a single defect or a combination of defects. Errors are listed in Table 3 . Cases with perioperative mortality CPB, cardiopulmonary bypass; DIC, disseminated intravascular coagulopathy; HLHS, hypoplastic left heart syndrome; PA/IVS, pulmonary atresia with intact ventricular septum; other abbreviations as in Table 1 .
sig-Bing anomaly undergoing the arterial switch operation, the coronary pattern was correctly determined in three. In one patient with Taussig-Bing anomaly, repeat echocardiogram suggested the presence of an unusual coronary artery pattern, which was not detected at the first echocardiogram. Although the coronary anatomy was not definitely diagnosed, this suggestion was proven to be helpful for an uneventful operation. This coronary artery pattern proved dual left anterior descending artery. In a patient with vascular ring, echocardiogram and aortic angiogram showed a type of vascular ring such as right aortic arch with mirror-image branching accompanied with a ventricular septal defect, but missed left ligamentum arteriosum originating from the descending aorta as a large diverticulum. There were seven perioperative deaths: five (6.0%) in the echo group, and two (7.4%) in the cath group. There was no difference in the perioperative mortality between the two groups (p=0.84). They are summarized in Table 3 . In no case was the mortality affected by a diagnostic error. Deaths were mainly caused by sepsis or mediastinitis except in two cases: one patient, in the echo group, with obstructive total anomalous pulmonary venous drainage died from weaning failure of cardiac bypass. In the cath group, one patient with Down's syndrome was diagnosed as having right-dominant unbalanced atrioventricular canal, with the preoperative indexed potential left ventricular volume of 17 mL/m 2 . Biventricular repair was attempted according to the suggestion that preoperative indexed potential left ventricular volume of >15 mL/ m 2 allows biventricular repair (19) , however, he succumbed to low cardiac output after operation.
DISCUSSION
There remains little debate that in simple shunt lesions (atrial septal defect, patent ductus arteriosus and ventricular septal defect) cardiac catheterization provides no advantage over echocardiography in defining the anatomy of these defects, and echocardiography is adequate as the only diagnostic modality (7) (8) (9) (10) . Cardiac catheterization might nowadays only be justified with the intention to close such shunts by interventional procedures. However, there is controversy over whether catheterization is routinely necessary for preoperative diagnosis of more complex lesions (1-6, 13-18, 20-23) . Although certain complex defects such as functionally univentricular heart or pulmonary atresia with aortopulmonary collaterals invariably require preoperative catheterization, echocardiography alone may be sufficient to obtain the anatomic and functional information needed for surgical repair in patients with most major CHD. Indeed, owing in part to increasing confidence in echocardiography, the practice of cardiac surgery in patients with major lesions without catheterization is becoming increasingly common at many centers. As a result of this changing trends in the approach to preoperative diagnosis of CHD, 65 to 82% of patients undergo cardiac surgery after preoperative diagnosis by echocardiography alone (15) (16) (17) (18) .
This study demonstrates a high reliability of non-invasive preoperative diagnosis by echocardiography enables us to do cardiac surgery in a majority of patients without catheterization, not increasing the overall risk. Several studies have addressed this issue and similar conclusions have been drawn (15) (16) (17) (18) . Although this study had a relatively small number of total subjects compared to the others, the proportion of the group of neonates and infants in the study population was higher and nonetheless the outcome of cardiac surgery using this exclusively echocardiography-based diagnostic approach was comparable.
The incidence of diagnostic errors in this study was lower than in the published results (15) (16) (17) (18) , and they were considered of little importance as they did not affect the operative procedure or surgical outcome. It may be partially attributed to repeat echocardiographic examination for cross-check. As in our experience, repeat echocardiogram may offer the additional or missed findings not seen at the first study. Thus, cross-check examination is considered necessary to increase the accuracy of preoperative diagnosis by echocardiography alone.
Accurate preoperative evaluation of coronary anatomy is essential for a successful surgical repair in patients with certain forms of CHD, such as transposition of the great arteries or tetralogy of Fallot. In these patients, the intracardiac anatomy was adequately shown by echocardiography. The coronary anatomy could be shown with a high accuracy by echocardiography (24) (25) (26) . In this study the coronary pattern was correctly predicted in most patients with transposition of the great arteries or Taussig-Bing anaomaly undergoing the arterial switch operation, although in one newborn, an unusual coronary anatomy was not diagnosed preoperatively. Nonetheless, because the coronary artery anatomy is identified at the time of surgery, and because the arterial switch procedure is performed in all forms of complex coronary anatomy at our institution, this error did not alter the surgical treatment. Our institutional practice is to define the coronary anatomy by echocardiography in patients with transposition of the great arteries. Catheterization is performed only for balloon septostomy, not for coronary angiography. If the echocardiographic diagnosis is equivocal, the surgeon is alerted and is prompted to carefully examine the coronary arteries.
Regarding the surgical mortality, it was not affected significantly by the method of diagnosis, but appeared to be highly related to postoperative infection in most cases.
There are some limitations in this study. As a retrospective nature, the patients were not randomly assigned to the two groups of diagnostic methods. In addition, the range of indication for catheterization within each group of defects was variable between the attending cardiologists, in some cases reflecting physicians' different levels of comfort with echocardiographic diagnosis. Another limitation is a relatively small number of subjects studied with over half of them having simple defects, probably minimizing the diagnostic error of echocardiography. Finally, it may not be possible to generalize our results to other institutions. Each institution must have its own approach, as determined by physicians' experience and their consensus.
Despite the limitations, this study shows that many patients with CHD can be accurately diagnosed by echocardiography alone, and can safely undergo cardiac surgery without catheterization, not increasing the overall risk.
